Sc 2 Ru 3 Si4, monoclinic, C2/c (no. 15), a = 19.0663(5) Å, b = 5.27810(10) Å, c = 13.3458(4) Å, β = 127.7710(10)°, V = 1061.62(5) Å 3 , Z = 8, Rgt(F) = 0.0209, wR ref (F 2 ) = 0.0530, T = 293(2) K.
0.26425(2) 0.12260 (7) 0.10114(4) 0.00723 (5) under an argon (purity 99.999%) atmosphere. The resulting as-cast alloy was placed in an alumina crucible, sealed in a quartz tube under argon, and heat-treated at 1273 K for 100 h in an electric furnace. The sample was cooled in the furnace by turning off the heater and single crystals were obtained from the crushed ingot.
Experimental details
The annealed sample was examined using a scanning electron microscope (SU-70, Hitachi). The back-scattered electron composition image showed that the sample was almost a single phase material, although a small amount of impurity phases, RuSi and Ru 2 Si 3 , (approximately 1 vol% in total), was observed. The atomic composition of the main phase was determined by energy-dispersive X-ray spectroscopy (15 kV, standardless ZAF correction) and corresponded to Sc:Ru:Si = 21 (1) [6] have been shown to crystallize in the Hf 2 Ru 3 Si4-type structure. Sc 2 Ru 3 Si4 is a new example of the prototype structure. This family of structures is characterized by infinite columns of face-shared octahedra and face-shared square antiprisms. Sc 2 Ru 3 Si4 consists of two building blocks arranged along the [010] direction (cf. lower right part of the figure). One building block is a face-shared Ru-centered Si-octahedra column. The RuSi 6 octahedron is distorted with the Ru atom off center. The Ru-Si distances range from 2.360 to 2.416 Å for 4 Si, and 2.608 and 2.714 Å for the other 2 Si. Thus, the structure can adopt a vertex-shared Si-tetrahedron RuSi4 as shown by the dashed bonds. The other block is a faceshared Si-centered antiprism column, where each antiprism is formed by two quadrilaterals of 2 Sc and 2 Ru. The distances between Si-Ru range from 2.357 to 2.491 Å, and those between Si-Sc from 2.825 to 2.858 Å. The Ru-Si distances in both columns are comparable to the sum of the covalent radii (2.41 Å) [7] , indicating strong Ru-Si bonding. In contrast, the Si-Sc distances are much greater than the sum of the covalent radii (2.64 Å) [7] and the Si-Sc distances in ScSi, which range from 2.557 to 2.715 Å [8] . The two columns are alternately arranged in the a-c plane (cf. upper part of the figure) with inversion symmetry and a c-glide plane perpendicular to the b axis. When viewed from the a axis (cf. lower left part of the figure), it is clear that the y positions of the central atoms of the columns differ by approximately 1/4 between columns at z ∼ 1/4 and 3/4. The Ru-Si distances between adjacent columns range from 2.371 to 2.472 Å, comparable to those inside the columns and suggesting that the columns are strongly connected by Ru-Si bonds. In other words, Ru 3 Si4 forms a complex three-dimensional network, and 2 Sc atoms fill the voids. Compared to the cell parameters a, b and c of R 2 Ru 3 Si4 (R = Hf and Zr), those of Sc 2 Ru 3 Si4 are identical with a difference of 1.3%. Additionally, the metallic radius of Sc (1.62 Å) is very similar to that of Hf (1.58 Å) and Zr (1.60 Å) [9] . This implies that the radius of R is more important factor for crystallization in the Hf 2 Ru 3 Si4-type structure than the valence.
